The proliferative fraction of mononucleated cells in differentiating chick embryonic wing muscle (day 11) was measured following continuous infusion of tritiated thymidine into the embryonic circulation. During progressively longer intervals of infusion of the isotopically labeled precursor, the percentage of cells that enter S becomes larger, reaching 92% at the longest time period measured (21 hr). These observations suggest that until they are withdrawn into nonreplicative muscle syncytia, virtually all of the single cells in differentiating embryonic muscle remain in the proliferative pool.
times as well) becomes longer and more highly variable.
Our results suggest that the mode of administering the labeled DNA precursor profoundly affects the measurement of cell cycle parameters in vivo when these parameters exhibit considerable variability. The data presented here do not support the notion that any sizeable fraction of the myoblast population is withdrawn from the cell cycle for any significant period of time prior to fusion.
In a previous investigation of the proliferative kinetics of myoblasts in muscle cell culture, we found that the cell cycle becomes longer and more variable with the initiation of myoblast fusion and muscle fiber formation. Although the average cell cycle time was markedly protracted, our data indicated that essentially none of the, as yet, unfused mononucleated myoblasts had actually withdrawn from the cell cycle (1) . The observed changes in the duration and variability of the cell cycle in vitro are similar to those described to occur with time in chick embryonic leg musculature in vivo (2) . In contrast to what we observed in cell culture, the proliferative fraction measured in vivo was relatively small.
The results of the in vivo study could be interpreted to indicate that a significant proportion of the mononucleated cell population in developing muscle is withdrawn from the proliferative pool of myoblasts prior to fusion. The withdrawal of myoblasts from the proliferative cycle following a so-called "quantal" mitosis has been suggested to be prerequisite for myogenic fusion (3) . The existence of such postmitotic myoblasts in vivo was, in fact, invoked to explain those myoblasts that fuse during the intitial 24 hr in culture without first engaging in DNA synthesis (4) . Such cells are not observed, however, when reasonable inoculum sizes are used (1) , and indeed more recent data suggest that the failure to enter S is due to overcrowding (5) .
The sizes of the proliferative pools both in culture and in vivo were determined using the same cell type at comparable stages of differentiation. That the values disagree might simply reflect, of course, the artificial conditions imposed by cell culture techniques. On the other hand, the methods used in the two studies to determine the fraction of myoblasts still in the cell division cycle are not directly comparable. Marchok and Herrmann (2) 6.7 Ci/mmol, New England Nuclear) was administered to chick embryos of 11 days of incubation (at 390 in a forced-draft, humidified incubator) by the injection of a small volume of distilled water containing the appropriate concentration of label. Prior to injection, a small window was cut in the egg shell, leaving the shell membranes intact and closely opposed to the chorioallantoic veins. The egg was taped into a small plastic bag containing moist cotton, leaving only the window exposed. The shell membrane was cleared with paraffin oil and the injection was made with a fine glass needle inserted into one of the chorioallantoic veins (6) . The vein was impaled and the position of the needle was monitored periodically under a dissecting microscope. The glass needle was connected to a 1 Fig. 1 ).
The data graphed in Fig. 1 show an immediate and precipitous drop in total acid-soluble radioactivity reaching, at the end of the first hour, 20% of the amount present in the initial (3 min.) sample. Subsequently the level of radioactivity in the circulation continues to decline, although at a slower rate. Nine hours after the injection, only 5 Fig. 1 , after infusion through an indwelling glass canula. The level of radioactivity, graphed in Fig.  1 In each of seven 11-to 12-day chick embryos, the percentage of nuclei in multinucleated myotubes was determined from nuclear counts of longitudinal 1 gm sections of the wing musculature.
beling index and then substituting the average values determined for the length of S and the length of the generation time into a simple mathematical ratio. The labeling index, which is the percentage of cells labeled during a brief pulse, is a measure of the fraction of cells which are in S. The accuracy of this measurement depends on the duration of the pulse. If the pulse represents only a small fraction of the total generation time, the labeling index will more closely approximate the number of cells in S at any given instant. The data presented above suggest that a single intravenous injection acts as a pulse of no longer than 1-hr duration, which is a sufficiently small fraction of the total generation times reported (2, 9) .
In order to compare our value of the proliferative fraction using the direct, continuous labeling procedure with the value which would be derived from calculations based on the labeling index, we used the first point (1 hr) in our single injection series (Fig. 2) as the labeling index. This value, 26.3%, was employed to calculate the proliferative fraction using the following ratio: (proliferative fraction)/(generation time) = (labeling index) /(length of S). Values for the total generation time (15 hr) and the length of S (6.4 hr) were taken from published values of the cell cycle of 11-day embryonic chick wing musculature (9) . Using these values, the calculated proliferative fraction of 11-day embryonic chick wing muscle cells is 61.5%. Percent fusion in embryonic wing muscle Finally, to have some measure of the progress of differentiation in the wing muscle at the stage which was used, differential counts were made of nuclei in mononucleated cells and of the total number of nuclei in all cells. From these data we obtain an average figure of 34.1 ± 5.1% for the total nuclei that are present in the multinucleated compartment of the cell population (Table 1) . Furthermore, the fact that fusion is actively occurring in 11-to 12-day embryonic chick wing muscle is indicated by the fusion of myoblasts that incorporated label during [3H]dThd infusion. After 21 hr of infusion, 10.8% of the nuclei within multinucleated myotubes are labeled.
DISCUSSION
The proliferative fraction of the mononucleated cell compartment of differentiating embryonic muscle in vivo has been measured directly by following the entry into S of this cell population in the continued presence of an isotopically labeled precursor of DNA. Our findings suggest that virtually all of these cells are still cycling, because at least 92% of the mononucleated cell population enters S. (11) used to determine the parameters of the cell cycle measures only the average values of these parameters. What the calculation of proliferative fraction actually measures, then, is really only some portion of the proliferative fraction whose cell cycle parameters happen to cluster around the average values and excludes dividing cells whose cycles are significantly longer than the average. Applying Barbierie's (9) values for the cell cycle parameters in chick embryo wing muscle to the labeling index that we determined, we calculate a value of 61.5% for this portion of the proliferative fraction. From his data we can also calculate, conversely, how much time it should take to reach this value in a continuous labeling experiment. Because all of the cells in S are labeled instantaneously, ts (time in S) drops out of the calculation, leaving the time to achieve labeling of those cells whose cycle times cluster around the average as: tGj + tG2 + tM. From the values given by Barbierie, this sum equals 8.6
hr. Reading from our graph of the percent-labeled cells as a function of time in continuous infusion (Fig. 2) , we find that at 8.6 hr the percent labeled cells is, in fact, 62% (see arrow) which is extremely close to our calculated value of 61.5%.
Under conditions of continuous infusion, however, this value increases to approximately 92% during the next 12 hr.
If our analysis of what is measured by the calculation of proliferative fraction using the labeling index is correct, then the continued increase in the percentage of labeled cells during continuous infusion is contributed by mononucleated cells in the embryonic muscle tissue with generation times considerably longer than the average generation time. Such cells, because they traverse the cell cycle more slowly, would be delayed in entering S and would incorporate label later than those clustering around the average. Indeed, the data provided by earlier studies support the conclusion that the mononucleated cell population in muscle is characterized by cell cycle times highly variable in length, becoming progressively longer as differentiation proceeds (1, 2) . Furthermore, in each of these studies, the curve of percent labeled mitoses is characterized by a second peak which is broader than the first and reduced in height. methodological differences are responsible, in addition, for the higher labeling index (and consequently higher proliferative fraction) we obtain after a single, short pulse injection, as compared to earlier studies. For example, Barbierie (9) calculated a proliferative index of 47% from his labeling index in a study using embryonic chick muscle of the same age and type (wing) as used here. Using his cell cycle values, we derive a value of 61.5% from the labeling index which we obtained after a single injection of isotope. Barbierie, however, administered the isotope, not by intravenous injection, but by dropping the solution on the chorioallantoic membrane. The obvious source of the difference between our value and Barbierie's is the mode of application of isotope. One would suspect that the effective concentration available to the cells is much lower when the labeled precursor is applied to the membrane than when it is injected into one of the chorioallantoic veins.
We have also attempted to reconcile our calculated value of the proliferative fraction with the much lower values determined by Marchok and Herrmann (2) . In their study, as well as in ours, the tritiated thymidine pulse was administered by a single injection into the chorioallantoic vein. However, their calculated value of the proliferative fraction in the leg muscle of 9-day embryonic chick is only 29.1% and is based on a labeling index of 16.2% (as compared to our labeling index value of 26.3%). In scoring the labeling index, however, these investigators counted all nuclei, both the postmitotic nuclei of multinucleated myotubes and the nuclei of mononucleated cells. If we recalculate our counts of labeled nuclei on this same basis, that is, as a percentage of all nuclei rather than nuclei in mononucleated cells only, we also obtain a substantially lower labeling index, 17.4%. This value, in fact, is in close agreement with the 16.2% reported by Marchok and Herrmann. The only real difference, then, between the data obtained in the present study and the earlier work of Marchok and Herrmann (2) is the value for the percentage of all nuclei that are in multinucleated myotubes. We find that 34.1 i 5.1% of all of the nuclei are in myotubes, while the earlier study reports 12.5%. If we recalculate the labeling index measured by Marchok and Herrmann (2) on the basis of nuclei in mononucleated cells only, assuming that our value of 34.1 ± 5. 1 % represents the fraction of nuclei withdrawn from the cell cycle by fusion in leg as well as wing muscle, we obtain, from their counts, a value of 25% for the labeling index. This adjusted value is close to our value (26.3%) of the percentage of nuclei labeled in mononucleated cells and, assuming our value for percent syncytial nuclei is correct, would bring the two single-pulse determinations of labeling index (and proliferative fraction) into closer agreement.
Considering the differences in the histological procedures used in these two studies, it would not be surprising if the nuclear count data were in disagreement. In the earlier study, nuclear counts were made using 5 Aim sections of paraffinembedded material. On the other hand, all of the material in this present study was plastic-embedded and examined in 1 Aim sections. This procedure largely eliminates the possibility of overlapping nuclei. In addition, the use of wing musculature facilitates cutting sections parallel to the long axis of the multinucleated fibers. In such sections, nuclei in mononucleated cells can be distinguished from syncytial nuclei with a degree of accuracy which we were unable to duplicate using sections cut from leg muscle.
We cannot rule out the possibility that the differences in values discussed above are due to the fact that the two studies deal with developing embryonic muscle from different sources (leg versus wing) at slightly different stages. However, the fact that our values reach very close agreement when we make the cross-corrections discussed above suggests that muscles from the two sources are more comparable than are the procedures.
